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ABSTRACT s ^ •> " 

Two-thirds of what we waste. could be reused without 
important changes in our lif e--styles, one benefit of recycling would 
l>e the diminishing contribution of' raw materials . prices to inflation, 
For a sustainable resource policy there are three>basic q:6mponents: 
wjaiste ire duct iopr waste separation^" and waste recovery • ^The first can 
be-jaet by. producing mor^. durable goods, banning non-refillable 
containers, increasing charges for pick-up and disposal of waste, 
designinc^products wtxiph are easy and economicai to repair, and 
ending discriminatory taxes ^and regulation. Separation of waste in 
homes and disposal units will facilitate" recycling of paper, 
aluminum, glass, metals, and>even plastics, though there are 
attendfint problems of cost and social acceptance. Energy can be 
produced from waste when valuable materials are removed through 
chemical and physical processes. Th6 poss^Tble impact of future 
mineral- cartels such as the organization of Petroleum Exporting 
Countries (OPECf could be reduced through recycling. The amount of 
energy saved by recycling, compared with that fe^xpanded on processing 
virgin materials ranges from eight to 95*. To go from conspicuous 
consumption to conspicuous friJiga^ity specific policies and social 
commitment are necesikary. In this regard t^e public may be ahead of 
its leaders. (Author/Dl) - . . 



♦ Reproductions supplied by EDRS are the best that can be made ♦ 

♦ from the original document. ♦• 

«««««««««««««« ««««««4c«««««>^«««^«3^^ ««♦«««♦««♦«««♦ ♦♦♦♦♦'♦♦^ 



r-r^ ' ' • • ■ ' ■• ■ ' ^ , ■ 

ri; ' U t OIPAlitMtNTO^ HIALTH, 

f-* • i ' ^ , IQUCATION A WILFARI, 

4 • . » , NATIONAL INtTITUTI OIB 

» * , ' lOUCATION , 

<^ , , TKtS DOCUMENT HAS BEEN REPRO< 

^ * ' " OUCCp' EXACTLY AS FROM 

; . . , THE VKRSON OR ORGANIZATION ORIGIN- 

ATING IT POINTS OF VIEW OR OPINIONS • 
' . * '„ STAT60 00 NOT NECESSARILY REPI^E^ 

SEN I OFFICIAL NATIONAL INSTITUTE OF 
' E0UCAT10N POSITION OR POLICY ^ 



^ Repairs, Reuse/Recycling- 
First Steps Toward a 
Sustainable Society ^ 



"PERf\fllSSION TO REPRODUCE THIS" 
rionic HnVAC^ • MATERIAL IN- MICROFICHE ONLY 

L^ciua 1 iajri=3;^ has b^en granted by 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) AND 
USERS OF THE ERIC SYSTEM." 




WorldWatch Paper 23 

September 1978 



2 ' 



This paper is based on ihe author's rcsearth for, a forth- 
cortiirij? book on the, sustainable society. Section^ of the 
paper may be reproduced in maKaztne'i and newspapers' 
with acknowledgment to Worldwatch Institute. The views' 
expressed are tliose of the author and do not necessarily 
represent those of Worldwatch Institute and Its directors . 
officers, or staff. , 



WorldWatch Institute ' ^ 

' * * 

WorldWatch is an independent, non-profit research 
^organization "created. to analyze and to focu^ attention 
on global problems. Directed by Lester R. ' Brown, / 
Wor'^ldwatch is funded by private foundations, 
United Nations organizations, and governmental 
agencies. * Worldwatch papers are'written for a 
worldwide audiehce of decisionmakers, scholars, 
and dne general public. 



( 



■ . ®^"Pyr»ght Vyorldwatch Institute, 1978 
Library of Congress Catalog Card Number 78-6445:5 
! ^ I5BNO-9t64^8.22-4 

» Printed on recycled paper 



Tabl(fe of Contents 



» ■ ■ 

tntroduction ... ............ 5, 

/Resource Supplies 8 

Other OPECs? 13 

Energy and Environmental Constraints , . . '. 16* 

Between the Mine and the Dump 19 

FrOgality .\ . . . 21 

f Waste Separation y .... 25 

' Resource Recovery J 301 

1 

Making the Most of What We've Got 33 i 

Notes .39 



EKLC 



ItitifDidiiction 




t least two^jhirds pf the material resources that we riow waste 
could be re^jsed without important changesjn our lif^-styles. 
With pr<)ducts designed for durability and for ease of re- 

^ cycling; the waste streams of the *industrial world could 

be reduced to small tHckles:' And. with an irtt<l?llieeht materials policy, 
the portion of<>our resources that is irretrievably dissipated cduld 
eventually be reduced to almost zero, ^ 

The ever-expanding" consumption of both raw materials and energy 
has become an infhtidnary force that is likely to grow as high-grade 
ores are exhausted, as energy costs rise, and as the pollution control 
investments needed' to Safely prpcess low-grade ore increase sensible 
materials policy-orie'fl^^it emphasized the repaiitiy^use, and recycling 
of goods we 'currently alscard-would l|tlp check these inflationary 
pressures. ' . / - - • 



.Most of what we use today is soon th/own away.. About 70 percent 
of all metal is used just once dnd theh discarded. The remaining 30 
percent is recycled. Af.ter five cycles, Only one-quarter of 1 percent qf 
the metal: ren^'ains in circulation. Aft^t ten cycles, less than one on^- 
th^usandth pf 1 percent remains.^ 

-Annual per capita mineral use worldwide iis now more than 3.75 metritl 
tony, and is increasing 7 percent ea^/h year. If continued, such growth^ 

1* ' Vam indebted to my Colleague Christophe^Flavin f'or'^his help with the reseatch for this 
V • paper. / ' / 



Sil^^^'! *°,^li32-fold increase in mineral use in just 50 years. The 

UhUed StaL« ibfr ''"Tf. ^"^^^ tt^e induslrial woffi In the 
united btaWs, hgure ji, 15 tnetric tons per 'person The lifetlmp 
W''^ Ameri^n will equal at least So trrnes hV or h^? 
Idult weight Most of these minerals will mak^e a one-wfy t p f rom 
ihe mme ^o th^.,^mp But as high-grade ores a^e exhausted an^ 
(tTr ^^eallh^'y''".^^^'^-'"^ '""^^ increasingly t5.rn%ooTwa:t« 

Ei^ i'' " .^"J"^'?. *^«"«Pt: In nature;.-rto!hing is wasttd, for every- ' 
i^.'^,^1i'?'!}T^.^± ^'^^^ '^eath of a creature pL 



fteWspapers are a Aether .persort's recyclaBU f ibe s^^ c^lk, o s/in^u 
tion disposable plastic containers that are discarded without thought 
vLl /^-Pw^M ^' '^r''^ ■''^ carrfully used and reused by Tahzanian 
V llagers^ The Japanese, 'm turn are aggressive purcliAsers of scrapped 
U.S automobiles, lliidmg to, the, joke that this year's Buick is next' 

^"^\U ^u'^ r ^T"P^ °f ^'"'^ varies WrUime. Much of 
TnM r-^V the wastes of f he pulp and paper industry 

some decades ago are now ^source of fUel and ch em icj feedstocks 
Snces " ^^r ,^ Product of |udgment'and circS 

Not much hard data exists aiojt materials use in the Third World 
However, the recytjing system in Cairo illustrates the different under- 
standing of waste in deve op.ng countries. Wastes from the eight 

-w'lX ^^"''H T'-^^y '^S 8^«"P^ 'n Cairo: The 

-Wayiha, who control rights' tcV the city's doiiestic refuse, and the 
Zabal.ne, who retit the, right to do the actual rehioving and processing- 
of Cairo s domesti^ waste. They remove tin, gliss, paper, plastic, rags ' 
and bones from the refuse and forward thesi materials to factories 
and other markets within the city. .They extrict about 2,000 tons of 
paper a month "that is reprocessed into some 1,500 tons of recycled 
paoer and cardboard. Cottor^ and w^ol rags are converted into up- 
holstery and blankets; metals are convertecJ into new implements- 
even bones ire used to make such things as( glue, paints, and high- 
grade carbor^ for sugar refining! Most organic wasted are fed to pigs; 

■ .* . ■ ■ P ' ' 
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tfte rfest is converted into compost that is sold for -.agricullural pur- 
poses. In societies with chronic unemployment, inefficient bureauc;"a- 
cies, and few raw materials, such Ubor-intensive, .iAcomerProducing 
approaches make more Sense than the capital-inten^fve, 'high-tech- 
nologies favored by many Western- trained engineers.^ \ 

The term "consumptiorV'is sim4larly^ ambiguous. A pewspaper for 
example, has been "consumed" whea the purchaser has finished 
reading it. A product may be thought'of as consumpd-Hvjien ^it has 
provided all the usefnilness its owner expects from it. Thu5 a perfectly 
good pair of slffSes, or even a perfectly functioning ^utornpbile, will 
be thqught of as consuhied if changing styles persuade the; owner to 
discard ^e older product for something. newer, v r V 

Modern X)nomids are geared toward an endless increase In material 
"consumption and the generation of ever-larger amounts ^.of waste. 
Underlying.Nhis is* an implicit policy -to encourage the use .of ^virgin 
materials. Mai>^p6licies Jbkt^wer designed long ago for the protec- 
tion of fledgling^irdais^iles' r^^ on the books, greatly distorting 
the materials jnarket. The mining and extractive industries, fe>;^ exam- 
ple are givejT more favorable tax treatments than are industries based 
on 'the use^of recycled materials. The fuH /Costs of environmental 
damage due to mining have not been internalized and hence the prices 
of virgin materials do not reflect the full social burdens their ex,trac- 
tion imposes. Secondary materrals are often discriminated against in 
government procureigtient specif icatiol^s^ freight transport tariffs, .and 



so on. 
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Moreover, the institutional structure does not adequately discourage 
the gpneratiort of waste. For example, thA charge for j^s.te pickm). 
often remains constarrt regardlessi of how much carbage* is produced:; 
Waste disposal charges are often artificially low because the environ- 
mental costs of disposal have not been considered Where efforts have 
been made to overcome these iri^balancj^s, significant progress has 
often been made. Some small NeW England towns are currently re- 
cycline about 50 percent of *th^ wastes, and Wilton Falls, 'New 
Hampshire, has designed a recycling and cornposting program that 
the town planners expect to handle-^0 percent of ^he town s wastes. 




Orte hundred percent recycling will never be a genuine option. Rather 
than leaving materials in a concentrated form, mueh human activity 
disftipates them to*an extent that sometimes approxi'hnates their aver- 
O ..agje abundance in the earth's cru^. Such lises, although often having 
merit m the short run, drama tic reduce the chance of successful 
recycling m, the long run. For eA,ample, 50 percent of petrochemical 
^ beedstoclcs become commercial solvents, detergents, gasoline additives 
antitreeze, dyes, pesticides, and pharmaceuticals-all of which are 
effectively lost as soon as they are used. The lead concentrated in 
storage batteries can be recycled easily; the tetraethyl lead added to 
motor gasoline IS lost forever, except as a pollutant.* 

\ Society can minimize the extent>to which materials are dissi'pate«M>y 
V< For example, the substitution of ethanol-a high octane fuej ob-. 

:J; tamable from biological crops— for gasoline would eliminate the need 
' for lead antiJiknock additives. This, in turn, would remove the prin- 
^Cipal sources of atmospherit lea4,(and the health ^^roblems it entails), 
. simphty the recychng of 'leafi,-»and convert motor vehicles to a fuel 
that will be available long after oil.^ . ' / 

In a sustainable worfd, what we currently think of as waste will be- 
qpme our major source of high-quality materials for industry and 
commerce. One important benefit will be th^t-'tHntinishing contributicm 
ot Xising raw material prices to inflation. Increasingly, virgin ores will 
^ merely .supplement ,the existing materiaUinventory. Recycling ^ will 
become .^ntral Organizingjfirinciple for t ly entire economy. 

Resource Supplies 

Stringent /imitihortrT)n the production of several minerals from raw 
ores anp unavoidably within the next half-century. For some, the turn- 
ing point mary be encountered far sooner. By the time this turning 
^ point is first reached, the world must have learned how to live com- 
fortably with a finite, non-growing stock of the material.in quesjtion.® 

It is sometimes argued that* since the entire planet is composed of 
minerals, the .fear of running out of supplies is ridiculous. Sach a 
notion rests upqrv_a^ery loose definition df "supplies." AH the mirt- 



"Uespixtce eftimates depend on 
^ ^ a judgihent of tomorrow's prices, 

tomorrow's technology^ and tomorrow's 
' supply of aftordible energy." 



.erals with which human civilization will be ^sustained are,vlocat?cK in 
thelfow-tenths of 1 percent of the earth V mass constituting it^ oute^ 
crusift. Of'this^ only a trifling Fraction may be legitimately viewecl as 
potential supplies. The remaining minerals are in such dilu te .con-^ " 
centratiohs or at suc^h great deptn in the crust that the energy /and 
environmental costs of mining' and concentrating them will always be 
'prohibitive. ^ ^ 

Broadly\speaking, minerals can be grouped in twp categor^s: "re-" 
serves" and "resources." ^ Reserves are usually defined as. known 
deposits that are extractable with existing technology at current prices. 
The term has great utility, but it must not be, rinisused./As a ca'se in 
^oint, Zambia nas no copper reserves because that coumry's copper 
cannot b^ economically extracted at today's v/orld priceS^t Zamma 
has some df the world's largest deposits of^opper, much of which 
will be Tninedl eventually.' 

''Resources'' is a 'much broader category that generally encompasses* 
the total mineral base that can be Extracted. Clearly/ resource esti-f 
' mates also involve confusing uncertainties and depend on a judgment 
of tomprnow's prices, tomorrow's technology, anct tomorrow's supply 
of affordable energy. 

For particularly valuabje mineral resources, reserves sometimes cover 
vVirtualty* all known resources. For example, to obtain three tons of 

• diamonds from the world's richest diamond deposit, 75* million tons 
of rock had to be moved. Needless to say, the price charged for min- 
erals obtained with sucJ\ effort, is very high. An entire economy can» 
not be built around minerals that cost as much as diamonds. 

An average cubic kilometer of rock drawn from the earth's crust 
contains some 200 million metric tons of ajuminum, 100 million met- 
ric tons of iron, 800,000 tons of zinc, ani) 200,000. tons of copper, 
^ut such figures are meaningless. The mineral producer is not [nter- . 
ested in average rock, but' in uncommon rock: ore that is dispropor- 
tionately tich in one or more minerals and that| can be econpmically 
extract^d^ transported, 'and refined. The average/amount of lead in the 

• continental crusf, for example. Is 0 001 percent/while lead ore general- 
ly contains between 2 and 20 percent lead. ^° ► 

CJ ■ 



Twelve elements account for 99.Z} percent of the mass of the earth's 
crust. (See Table 1.) Of these abundant elements) five are metals that 
are widely used in industcy: aluminum, iron, rrtagnesium, titanium;* 
arid manganese. 

Table 1; Major Elements in the (^oiitinent^l Crust 



Element Amount by Weight 

(percent) 

' Oxygen - 45.20 

♦ Silicon ' 27.20 ^ " 

Aluminum 8.0Q - > 

Iron ' 5.80 

Calcium - / 5.06 

Magnesium ) ^ 2.77 

Sodium . ^ / ' 2.32 

Potassium ■ 1.68 

Titanium - 0.86 

Hyshogen > ' , 0.14 

-^Manganese ^ " ^' 0.10 

Phosphorus ^ 6.10 

' Total V , • V- 99.23 ' 



Source: Brian Skinner. 



Most metals do' not^rdinarily appear in nature in their elemental 
states. They are eoinbined with other elements in cryst^llline,' inor- 
ganic compounds. To obtain these metals for human use, ores , must 
be refined 'of nonmetallic imparities. The refining process, which 
involves the breaking down of stable compounds, is very energy- 
intensive. In order to minimize the , energy neede^d for refining, the 
mineral industry prefers to use sulfides, oxides, hydroxides/ and car- 
bonates rather than the refractory silicate minerals that constitute most 
of the earth's crust, V// 

For several yearS; ir^terest has been growing , in the mining of large 
deposits of manganese nodules from the ocean floor. These potatoir 
sized nodules contaiVi 25 to 30 percent manganese, and are also ricK 



■ r^. ■ 

sources of nickel, ■'copper, and cobalt. The^ appear to be no Insur- 
mountable techpical difficulties in mininVtnem: Such activities, how- 
ever, will'lje enormoujily expensive, requiring at least a doubling In 
copper prices and a' 50 pturcent increase in nickel prices for ecpnomic ±X 
operation. Deep-^ea mining will ajso be energy-intensive, probably 
sucking nodules^p from the depths with an apparatus 1rat resembles , 
a' huge vacuum cleaner, and it will have unknown ertVironmental ; 
impacts. i> , 

The largest obstacles to ocean mining may well be politic&'^he UJN* 
Law of the Sea^^Conference has thu? far failed to produce a treaty that 
satisfies the 158 member nations,' although it has been wrestling with 
the problem since 1973. la the Third World, mineral-poor nations fi&el 
that these 'resources in internati(j»nal waters should belong to all na- 
tions equally, while mineral-rich nations fear that ocean mining may 
disrupt their export earnings and want to exercise some control over 
it And many industrial nation^ having developed the technology to 
mine the seabed, are eager to stake out the claims and begin decreasing 
their dependence upon mineral exporters. The United States, which 
imports virtually all its manganese and cobalt, 90 ^percent of its raw 
nickel, aT\d one-fifth of its copper, lies adjacent to the world. s'nchest 
nodule beds and is particularly^ eager to begin exploihng these re- 
sources. Of^coiiVse, at the prices that will be charged for seabed metals, 
the United States should still find it economically attractive to recycle 
most metals." ^ ^> 

Historically, a combination of technological advances and cheap ener- 
gy expanded the reserves of most* metals by pushing back the grade ;; 
of ore that can te mined and processed economically. While there is 
still room for technological advance, energy h^s become an ever- 
tightening constraint. For a while growth will continue: increasing 
amounts of more expensive energy will be used tOy mine and process 
poorer grade ores. But ,we\ are approaching a fundamental discon- 
tinuity in the types of ores available. When- traditional ores are ex- 
hausted and silicate minerals must be broken down to ob tarn scarce 
metals, between 100 and 1,000 times as much energy will generally be 
"required It is exceedingly doubtful that mudh metal will b^ produced ^ 
in this fashion. Scarce metal? are already far more expensive than V 
abundant metals, and the cost differential will becon^e unbearable it 

■ ■■■■ % 
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the^ energy requiremem 100-^fold' or. more. At that point,- 

society will probably choose to substitule more abundant metals fi ' 
'the mpr* scarce ones— even if this means lower .efficiencies. .Jy^ 



Even in the unlikely event that an. energy 'deUs ex mqphfna mak^s 
available such.vast anxoiints of cheap energy that silipate minerals can 
be m^ned tor scarce meAls, the substitution of cpmmon m<^tals is still 
Utely to tak^ place. Common metals are fai>^re abundant in rock 
tiian are the scarce metals,-so in mining jE^Tscarce metals vast Amounts - 
of common ores: will be produced^-alher than jactumulating an^ever- 
incr^asing surplus, society ^i'ilK'doubtless fiwl ways to u^e all the 
rtieta Is produced. \ ^ . f 

EcdTiomiiUHe^rature ^s often very glib about the ease of resource sub- 
jhtttWn. But the desultory reSij Its of mo5t rqcerft efforts to substitute 
other ^uels for oil indicate that, even when the need is clear and sub- 
stitotes are available, tHp process of change can be slow and painfuU* 

A. G. Chynoweth, Materials Research'Dlrector at Bell Laboratories/be- 
lieves that, as a general rule; ':the simpler the application, the easier it- 
is to tind a substitute material. If ^ a society's need's are sufficiently 
sirnple, the thesis of infinite substitutability might be tenable-matel 
rials are likely alJvays, to be avairable for simple products such as 
utensils tor cook ifg and e^ing, for clothing, and for simple dwelling 
structures. But the more a society depend^ on Complex, and sophis- 
ticated equipment, the mort vulnerable it is to scarcities of cei-tain key 
mfter.ials^ even If thes^ are used in very modest afriounts." To support 
this pom t, Chynqvyeth notes that in the telephone *42 of the 92 
elements pi-ovided by nature are present as constituents of 3i5 types' 
of metals and alloys, 14 types of plastic, 12 varieties'of adhesives, and - 
20 ditterent semi-conducjor devices."" ^. ■"■ 

Some resources *are in sufficiently short supply that -their pifimary 
production is unlikely to contribiU^'much in the riot>too-distant 
iuture.»Uil and natural gas ar,e examples: as are helium, antimony, 
gold^ and rtiolYbdenuTm. For most njSnerals, however, '*he most imme- 
diate' danger is not an absolute global sKortage but ^ supply that: is* 
constrained by political, erlergy, and enviroiyriental limrts. 



Over the last few years, 
producers' associations 
hjiye been formed 
for copper, bauxite, iron, 
meiairy, and tungsten." * 



Other OPECs? ^ 

Mineral resources are distributed unevenly. A disoroportionale share 13 
of the world's most important industrial materials are drawn from 
southern Africa, East Asia,, the Soviet Union, and the Western portion 
of the Americas. Most scholarly work on mmeral availability has 
focused on geological constraints under various economic assump- ^ 
lions. But the single most important lesson ot the oil cartel is that 
political constraints can come first.^*^ ' . 

>" ■ . . . . > ■ ■ 

Cartels are not a new phenomenon in the field of miner^al productioh.* 
What is new is the grQwing interest of governments with nationalized 
firms ii> the establishment of such coJlusive^ssociations. Over the last 
few y^ars, . producers' associations have^ t>een tormed for copper, 
bauXiter-Kori' mercury, and tungsten. 

The eleven members of the International Bauxite Association control 
75 percent of all production-a higher fraction than that of world 
oil production controlled by the Organization ot Petroleum Exportmg 
Countries (QPEC). In 1974, Jamaica increased it,s taxes on bauxite 
more than fivefold. All other major baU)^ite producers in the Inter- 
national Bauxite Associati/>n, except Australia, tollowed suit. Between 
late 1973 and rt^id-l97AJthe price of Moroccan^phosphate quadru- 
pled in a series of increases imposed bv the Moroccan(Rbosphate 
monopoly, price increases by other major producers, including the 
United States, followed quickly. ^ . / 

The Prospects for successful mineral cartels vary from commodity 
to commodity, depending upon the fraction ot the world's resource 
base controlled by the cartel members,ahe extent of the fall in demand 
for the commodity as the price rises, the amount of the commodity 
produced outside the cartel when the price rises, and the cohesiveness 
of the commodity association. For many important minerals, the major 
sources of production are concentrated in a rather small number ot 
hands (See Table 2.) The current level of concentration implies that 
a very large number of minerals are vulnerable under this criterion for • 
a successful cartel.i» , 



Table 2: Share of World Production and Reserves of Major Minerals, 
Four Largest Producing Countries, 1975 

Mineral Production Reserves Countries 

— , _ _ 

Australia, Jamaica, Guinea^ 
Surinam 

USSR, S. Africa, Rhodesia, 
Philippines 

Zaire, Zambia, Canada, 
Morocco • 
US, Chile, CanVda, USSR 
Mexico, USSR, Spain, 
Thailand 

S. Africa, Canada, US, ^ 
> Australia . 
USSR,' Australia, US, - 
Brazil - ' 

US, Australia, Canada, ^ 
Mexico 

S. Africa, Gabon, Brazil, 
Australia 

Spain, USSR, China, Italy 
US, Canada, Chile, Peru 
Canada, New Caledonia*** 
US, Morocco, Sp. Sahara, 
Tunisia 

S. Africa, USSR, 
Canada*** 

Canada, W. Germany, US, 
France 

Peru, Mexico, Canada, US 
Malaysia, USSR, 
.Indonesia, Bolivia 
S. Africa, US, USSR, Chile 
Canada, Australia, US, Peru 

♦Figures are based on 1071 daU ♦♦CalciiUled for r^or^commimisl coimlries only. , 
♦♦♦For r^ickel figures are /or two largesl proclut ei s; for plalir^um for the three largest. 
Source: U.b. Bureau of Mir^es. 



Bauxite 


64 


62 


Chromium* 


70 




Cobalt** 


90 


64 


Copper 
Fluorspar 


53 
51 


57 
42 


Gold** 


' 84 


88 


Iron Ore 


55 


61 


Lead** 


59 


77 


^Manganese** 


78 


95 


Mercury 

Molybclenum** ^ 
Nickel** 

Phosphate Rock** 


65 
99 
63 
81 


65 
98 
65 
.88 


Platinum group 


99 


99 


Potash** 


90 


95 


Silver 
Tin . 


.J 

53 

65 


60 
' 48 


Vanadium*' 
Zinc 


85 
43 


96 
.57 



In the short run, price increases tend to have little^ffect on mineral 
demands. Materials are usually A small part of the cost in most pro> 
duction processes, and firms will choose tg pay higher prices for min> ^ 
erals rather than alter their basic production processes: In the long -XD 
run, it is safe to assume that there is substantial price elasticity for o 
minerals, but this will not stop a cartel from functioning effectively 
In the interim. . 

Because it takes a long time to open mines and construct processing 
facilities, price rises generally will not trigger significant increases in 
production by non-cartel countries. In those cases where strategic 
stockpiles are available, however, these will often be tapped in an^^ 
effort to moderate the impact of soaring prices. 

The tension and rivalry that sometimes exists among producers does 
not mean they cannot form an effective association. Little holds the , 
member countries of OP^C together beyond their keen understanding 
of their sheared self-interest in a cohesive organizatiqn. The ownership ^ 
of many mineral resources by governments rather than by.privatej 
firms may also strengthen the prospects for successful cartels. 

It is sometimes alleged that the ideological differences between major 
mineral-producing states will handicap the formation of cartels. A 
qu^k glance at the list of major producers for several basic minerals • 
underscores this point. However, ideological differences often seem to < 
pale alongside marketplace considerations. For example, the Soviety^ 
Union has. long cooperated with South Africa to maintain the diarnond 
cartel. Even the United States, which perceives itself as the bastion of 
international free markets, allows its mineral producers to participate 
in cartels under the condition^ that the cartpls affect only foreign 
market^;" . » 

If formed at the same time, several cartels can act to one another's 
mutual benefit. A copper cartel, for example, could be v^akened in the' 
short term by the subistitution^of aluminum for copper. However, the t 
chances of this^ happening will be greatly reduced if there also exists 
an effective bauxi'te cartel that restricts the supply of aluminum, 

The likelihood of f?ffective mineral cartels is a matterjof conjecture, 
and reasonable |?e|ji.le can come to-different concluslc^s. HoweVer, it 
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IS acknowledged by all that ^such cJrtels are plausible, and that com- 
M p Pi^ogramS to repair, reui, and recycle our material goods 
would limit the impact cartels could liave^on importing countries. 



Energy and Environmental Gonstraii 



More than one-fifth of the total U.fe. energy budget is now spent on 



matetials production, and t^at frac 



_ . ^. ..cation is rising. The mounting cost 

of energy and the environmental damage connected with energy and 
materials production are of increasing concern.^o 

T\\e primary Vetals industry uses, about 8 percent of total energy 
consumed in/the United States. Of this, about two-thirds is used tor 
iron and steel productipn, and- about one-fifth for aluminum. The 
plastics industry, wKich remains one of the fastest growing industrial 
sectors in most VVestern countries;- uses oil as its feedstock. In the 
United States, more energy is embodied in plastics than is used in 
aluminum production. Unlike refined metal, however, th^ energy in- 
vested in plastics is generally only recoverable through combustion. 
In a society where recycling was the rule rather than the exception, 
the, ene^rgy initially invested in refining aluminum might be property 
perceived as an energy investment forflhe future. Only^ 4 percent as 

much energy is required to recycli? aluminum as to refine bauxite 
ore^2i , / 

The amount of energy required to produce one unit of a basic material 
. from virgin ore can be compared with the amount required to produce 
recycled materials from/scrap.^ (See Table 3.) The recycling of alumi- 
num, copper, and polJ^ethylen^ plastic can save large amounts of 
energy, while the recytling of glass and newsprint can save smaller 
amounts." 1 # " 

By producing raw steel from scrap, the steel industry avoids using 
energy to mine and transport iron ore, coal, and limestone, as well as 
to prodjuce iron in a blast furnace. In the case of glass production, 
wijh only one melting step and no energy-consuming chemical re- 
actions involved^ the energy-saving potentiaP trom reuse of scrap 
glass is considerably less. / 



Table 3: Energy Used.i^Processing Virgin and Recycled Materials ^ 

V ^ ^^'^ Energy Needed to Proce^^^ Enw^Sa^ed h: 
Material Virgin Ore ■ Recycled Material By Recycling 



' ' (BTU/pound) (percent) 

.Steel , ^ 8,300 ..?7, 500 (40% scrap) 10 

'4,400 (100% scrap)' . 47 

Aluminum . 134,700 5,000 96 

Aluminum Ingot 108,000 2,200-3,400 97 

Copper 25,900 1,400-2,900 ' 88-95 . ' 

Glass Containers 7,800 < 7,200 8 

Plastics (polyethylene) 49,500 ' 1,350 97 

Newsprint ^ 11,400* 8,800 23 



Source: Adapted from Christopher Hill and Charles Overby. 
. ^ ■ . 



Mast differences exist in the amounts of energy needed to process 
various virgin ores, but the range of energy requirements for recycling 
used materials is much narrower. Sometimes energy relationships are 
even reversed at the recycling stage. For example, 17 times* as much 
energy is needed to refine one pound of aluminum as to manufacture 
one pound of glass, but almost 50 percent more energy is iieeded to 
recvcle one pound of glass than to recycle one pound of alutninum. 
(InjSfact, at centralized resource recovery plants it can actually require 
^jipre energy to Sort and recover used glass than to simply dispose of 
the glass and start fresh.) On. the other hand, aluminum containers 
can currently be used only once before being recycled whereas re- 
turnable glass bottles can be reused several tin\es at great energy 
savings. . ^ . 

There is a happy coincidence between conserving energy and making 
efficient use of material resources. The current wasteful materials 
policies could only have evolved in an era of cheap, abundant energy. 
For the last century we have been living off pur energy "capital" 
(sunlight stored in the form of fossil fuels); we must soon oegin 
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living off just our "income" (sunlight used directly). Now that the 
end *of the petroleum era is in sight, fundamental shifts'in materials 
-to P^'icies will necpssarijy follow. Even as energy provides a constraint^ 
±0 on mineral extraction* a scarcity of ^materials Would limit our future""^ 
capacity to harness energy. The dependency is mutual." ' 

■ ^ * r ■ ■ * . ' ^ 

Materials policies also have important' environmental implicatidns. 
Much of the' world's pollution comes from the refining and produc- 
lion of prirriary materials. "This problem can only^grow as the mining 
^f' industry mpVes to lower grade ores. More energy .yviH 'be required per 
unit produced; and all energy use carries an envirotiiTtent^il pri£e *tag. 
, The mperal processing facility itself/ which can discharge oangGxeus 
compound^* into the air or water, rhust be outfitted with' increasingly 
* sophisticated arid costly pollution abatement equipment if continuing 
degradation is tO'be avoided. < ' * ^ 




lological materials,, such as wopd pulp and cottqn,;can also pose en- 
ironmental problems. Unsound agricultural or^j^silviAiltural practices 
can quickly turn a fertile tract into a disaster afta.^Because biological 
resources are renewable, there is a popular^lendincy. to thinR of them 
urilimited. Nothing could be further from the truth, if cultivated 
carefully, crops can be'planted in perpetuity. Jnil if. the tand is pusbed 
past , its carrying capcTcity or otherwise abuSied* permanent damage 
cran be done.^"* ' i* 

As ever-lower grades of or^ are -mined, the sheer* volume of materia^, 
k) be moved and |^Iocessed necessarily increases. The mining diid 
transport of this growing tonnage has .profound implrcations for'l^Ad 
use. President Ford's ten-year energy .development p^lanr^since abaV 
doned by President Carter— would have disturbed npibre than 45 mil- 
lion acres, an area the size of the state of Missouri.^ At sorrie point -the 
land required for continued mineral extraction will not Be available.* 
As we approach that point..,c6sts will rise rapidj^y." " - 

Land use problems can arise at thcvopposite end of the materials tycle 
as well. After products have been degraded into ""wastes, tJjey must 
■somehow be disposed of. The situation in the United States' illus- 
trates the extent of the problem,' Almost one tyn of solid' waste per 
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"Almc^ one ton bf solid ^aste per person 
is colfected^nnually frbm residential, 
" " commeiciat and institutional sources/' \ 




person is coUecfed, annually from residentiaX commercial, and institU' 
tional sou/ces. Most of this waste goes into 14,0Qa open dumps, 0^7 
cupying^bout 476;000 acres. At the present ratc^of disposal", about 
500 new dut]fipin^ locations must^e found each year.^<^ ; 

The fiiwt and*mpst obvious problem is findihg J^ind riiear urban area^ 
for this^bmkrSome cities are h^w Ic^^kiri^ vvitmrj a.radius of several 
hundred miles without notable suce^s^. Thef citizens of. Virginia 
^ 1 .r.T . . . . r 1 ._ I J ^ -'^^^ ^- :»ile up 
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y ^ ^ , grass- 
covered jknoll is the focal point of*a irecreation area. The 160-acre park 
in which.h sits has a lake, tennis courts, skateboard ramps, an amplii- 
theat^r7and picnic areas. The city has now ^nnouncea its intention 
tb $ui|U a , second such mountain. But this approach has obvious 
limits. / 




Not ail dumps around the worl<;l are as neatly manicured as Mt. Trash- 
more/ More commonly, they are breeding grounds for rats and in- 
sects/, aod prone to trash fires. Incinerator emissions foul the skies; 
runoff and Icachatc pollute surface ancl .groundwater. The^ae^?tbeUc 
bliglit is not- confined to the dump, hut is obvious from the pomi 
whpre materials become wastes: litter and spilled trash mark the rouie^ 
of- a problem that grows uglier as it grows larger. With a current U.S. 
pr^ce tag of about $4 billio^ a year, the problem begs for reduction 
" a more manageable size. ^ 



twei^H the Mine and the Dump 



Most rhaterials flow directly from* their natii^il source (a mine, forest, 
or crop) to a proci^si^ng plarV\, to a manufacturing industry, to a con- 
sumer, and lastly toi the dump. At several points along this path, mate- 
rials can be recycled. It is common, for example, for primary proq^- 
ing industries to immediately recycle the "home scrap" produced 
inside their qwn facilities and also the "prompt industrial 5<5,rap'': 
produced by manufacturing inditstries. 
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-After^a manufactured commodity ha goliie through i\s expected life- 
time; it can often be repaired. This in^;ludes such . ictionsTas bveV- 
"^H^j*^,^^*o"^obiles, re^a^ping tires, mending clo'thiihg, apd renovat- 
ZUJjBg biiildings. A Seconal way to stretch the^lifetinje^^'' materials is 
thrbugh the djirecf reu^e of material goods v^WfeauT changing their 
forip. Packaging, refillable bottles, and* shipping pallets can be imme-^ 
diately reused; (iMncrionally adequate, if. stylistically dated, automobiles 
can be resold. 

/ / • ■ 

For. goods clearly at the end of thei^ usefulness, complete Recycling 
is generally possible. There 'are largf social and economic advantages 
to segregating them^by component materials as close to jhe point of 
e rid use as possible for easy recycling. For example, many neighbor- 
hoods, apartment buildings; and commercial establishments provide 
f OP the periodic piitktap of hewspapers and other paper products. 
■ Many commui1ities( haVe' established reckling centers where, paper, 
beverage cohtainers^'and waste oil can be deposited. Inr% couple of 
instances--notably,, , aluminum cans and automobile lubricating oil— 
^ho industrie^s therf^^^ have participated in the establishment of 
ycling^4?^]fers for segregated products, ^ / T 
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Resource^ can also be recovered at centralized facilities designed to 
recycle mixed urban . wastes. This approach requires the leasf effort 
ori tff^part of the individual consumer, but it places vastly greater 
• econormc, energy, and* environmental demands upon the recycling 
technology. Moreover, due to the frequent contamination of one set 
of desired materials by another, mixed-waste systems hold lower po- 
tential for a complete recovery of high-grade materials than do othef 
systenris. * ■ 

"^^There are thus three basic components of a| sustainable resource 
^olipy: waste reduction, wi^^ an, emphasis ufl^on smaller, simpler, 
. more easily repaired, more durable products; waste*s"eparation, which 
requires consumers to segregate useful constituents of the wastes 
irxstead of mixing them together; and waste recovery, which consists 
\ of high- technology, centralized facilities to resegregate mixed wastes 
\into their useful componentii. Each deserves a more careful examina- 
tion. 
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Frugality * 

A cpmplaint often heard from purchasers; of houses, major appliances, 
or almost anything else today is that "they don't make them the way 
they used to." As recently as the forties, most products-in the indus- 
trial world were being built to last. By t^e end of the fifties, this was 
undoubtedly ^no longer True. Many people can empiathize with Willy 
Lorriau; a character ia the play ^Death of a Salesman^ "Once in my 
,life I would like to own somethmg outr4ght before it's broken! I'm 
always in a race with the ju^nkyaro! I just £inis"h paying for the car, 
and4t>s on its last legs. The refrigeratpr consumes belts Tike a goddam 
m'aniac\ They time those things^ They time them so wh^n you've fi-. 
nally paid for them, they're usqd up." ! . 

When something is "used up/' it is generally thought of as;v/aste 
and thrown away. Sometimes it is recognized to contain materials and 
embodied *^V\ergy/ and it is recycled. But even when , an item is re- 
cycled, a g^reat part of its value is lost. The difference between the 
value of the component materials and the price of the item when new 
is the vilue added—the labor and overhead costs of manirfacturing 
and selling the product. In order to retain this "value added" for as 
long as possible's part of the national wealth, society must design its 
products for durability. 

There is no question that most consumer durables could be built to 
last much longer. Two basic strategies toward this end include de- 
signing products for longer wear, and designing them for easy' and 
economical repair or remanufacture. In the latter case, it might be 
sensible to make even the product's exterior replaceable, so that the 
item could be kfept looking relatively new. This whole approach to 
materials- and energy-conscious design, known as 'non7waste tech-, 
nology," is receiving increasing attention. 

During the fifties and sixties, Vance Packard and others thoroughly 
aired the concept of planned obsolescence. Non-waste technology 
was definitely not the choice of the day. Packard showed that some 
roducts were being specifically engineered, and component materials 
eing explicitly chosen, to ensure a short life span. Some portable 




radios, for example, were being dpgT^ Tw > fi fn ] a c; ^ nnj^ more than thr^e 
years and the average life expectancy of several types of light bulbs 
dropped by about one-third." 

Planned obsolescence is common in many industries. Each year the 
manufa(;turers s^f men's (and women's clothing* "forecast " which 
colors they expect to be pipular in the coming season. They have a 
noteworthy record of success: year aftp year the public purchases 
the color that is Tn. " Much of the modetn concept of plartned obsdV 
lescence has its roots, in fact;^ ii% the constantly changing styles 
adopted almost yCvhimsically by the leading manufacturers of men's' 
and women's apparel. Louis Cneskin of the Color Research Institute 
contends that '/most design changes are made not for improving^ the 

1)roduct either/esthetically or Eanctionally, buf^or making it obso- 
ete."^^ , / X - 

Henry Ford, the auto titan, based his early success upon a rather sim- 
ple strategy. He developed a basic design and incorporated it in his 
Model T; over the course of 15 years he permitted only minor changes 
in tl)e vehicle and successfully lowered the price from $780 to ^290. 
Competing manufacturers found the price-reduction contest increas- 
ingly unattractive. General Motors finally hit on thp idea of us^mg 
stylistic fashionability as th^ key to selling ^he consumer a new car. 
In the event that someone took such good car? of* his or her auto- 
mobile that it did not date before its time, annual automobile fashion 
shows were arranged 'to prematiirely undermine the perceived grace 
and-style of the yenicle.^° * i 



Marketers also discovered that by "positioning ' theif products care- 
fully they could promote multiple purchases.. Appliance mahufac- 
turers, for example, began narrowing the range of tasks that could be 
performed with a single utensil. V^ereas a few years ago most people 
bought pots and pans for their kitchens, today they are sold appli- 
ances that can cook only hot dogs^, or only hamburgers, or only 
doughnuts. , In the process, kitchen cupboards rhust be enlarged to 
accommodate cookwar^' that is used rarely, at best. 

Differences in 'position" are almost invariably thc^ creation of adver- 
tising executives rather than the result ijf any real need on the part of 



"In 1977, 

Americans used some 20 bilfion 
square feet of aluminum foil and 
24 billion aluminum cans." 



a particular consumer. Cigarettes and alcoholic beverages are two of 
thd most carefully "positioned" products in the advertising field. 
One brand of Scotch iwhiskey will sell for double the price of another.' 
—despite virtually identical tastes— simply because it is marketed as 
the c no ice of the rich. The real difference, of course, is not in the^ 
product but in the packaging. Given this economic fact of life, the 
packaging industry has become a growth indu-stry par excellence. 

. ,1 
Packaging represents one of the fastest growing materials-usin^ 
sectors in the economy. A number of nondurable, small consumer 
goods are deliberately rr^arketfjd, as "throwaways." Beverdge containers 
and convenience foods are pi'pniinent exarnples. Everything from" 
popcorn to complete meals can be purchased in aluminum pans de- 
signed to be tossed away after one use. 

■ .- 

These examples may seem trivial, and, taken individually, they ar6 
not in fact very important. But when added up^, the packaging prob- 
lem becomes formidable. In 1977, Americans used some 20 billion 
sauare feet of aluminum foil and 24 billion aluminurn cans. Virtii#illy 
all the foil and 18 billion c^^n^ became part of the nation's solid w^ste 
immediately after use.^* . , o' 

In the United States, packaging now accounts* for between. 3D. i\nd ' 
40 percent of municipal solid waste. About 75 percent rt5f>*^ll^ 
produced, 40 percent of the f^aper, 29 prercent of fhe plastic, 14 per-' 
cent of th^ aluminum, and -8 percent of 'the sfeel is used in packages. 
In many cases, the growth in packaging far outstrips the growth in 
sales of the product being packaged.^etween 1958 and 1970, milk 
consumption per capita decreased* by 23.1 percent while milk con-^^ 
tainers increased by 26.1 percent per capita. Further, Americans some- 
times pay several times more for containers than for the products in- 
side them: salt in small throwaway containers can cost 15 to 17 times 
as mticlt as the same salt purchased in larger containers. 

Within limits, there are technological ways to addre^;s the prpblems 
of wastage in packaging. With a* modest amount of redesigning for 
materials conservation, mapy ptoductji ^could do more with less, The 
Campbell Soup Compan^#, [or cx'ampl^, is n6w marketing a new c«ih 



for dog food that uses 30 perc^t I^ss materials, and costs 36 percent 
less to* manufacture, than pre>>l|wis^ans. If all current steel and tin 
cans were replaced with cans of^me Capnpbell design, one million tons 
pf these metals would be saved annuaHy^^^ 

But to design a society that is truly thrifty ih its use of materials, far 
more, than technological fixes will be required. At a minimum, prod- 
ucts must be built to last and be designed in ways that simplify repairs 
and remanufacturinc. 

In remanufacturing, many identical products are brought to a cervtral 
facility, disassembled, cleahed, inspected, and then reassembled, usual- 
ly on an assembly line. This is a cohamon procedure with automobile 
parts and even tires. About one-fifth of all vehicle .tires produced 
in the United States today are Fetread^d. These 45 million retreads 
have lifetimes up to 90 percent as long as those of new tires. If all 
tires, were retreaded once, the demand For synthetic rubber would be 
cut by about one-third, tire disposal problems would be cut in half, 
and substantial energy savings would be realized. Jobs would be lost 
in the synthetic rubber and new tire industries, but new jobs wp,uld 
be created in the tire recapping business. Such businesses, tend to be 
much smaller and more regionally distributed than facilities to manu- 
facture new tires. ^* ' . - , f 

■ , . ; ' ' 

The renovation of dilapidated urban residences, currently inspired in 
part by rising gasoline costs for commuters, can bt thoUght of as 
an important form of repairing obsolete existing products^ Often 
these structures were constructecT more sou.ndly than many contempo- 
rary "buildings. If during renovation they were also weathejized artd— 
where possible^outfitted to take advantagdof solar energy, the energy 
benefits would be substantial. Np rieV$ .materia Is need be constructed 
for the shell of- the builc^ijig, and a considerable amount of transpor- 
^tion fuel would be saved as vy^ltby former, commuters. In the Tnird 
World, upgrading existing domicilj?s has been' fjound^ to be far rrvorc 
cost-effectiye than constructing rtcw houses. As :a 'consequence, the 
yVorld fldnk has shifted much ^of its housing assistance ffom jncw 
construction to rehabilitation, and has spent $866 million on sujh 
projects since 1972." < 



Of the various "solutions" to the problem of materials scarcity, none 
is more important than waste reduction. Eliminating things that ate 
unnecessary is better from- every perspective than simply recycling J 
them: wast^ reduction saves maierials, redutes energy demands, eases 
environmental pi;,oblem3, and eliminates some of me clutter if\ con- 
temporary life iini, the industrial world. There are already*indications of 
trends, in thte direction.. In many subcultures jn Western societies, the 
ethic of cpnspicyous' cpnsLimption is being replaced by one of cpn- 
spijcuous frugality. Carried to its logical conclusion, a careful examina- 
tion of waste reduction will require^ a fundaTljfntal rethinkirig of the 
structure and difiection of the' global economy.-**^ ' 4 

^ T- — 7—: i ■ ■ ■ 7^ T : '■ '■■ 

' Waste ^paration 

No matter how heroic an effort is made to reduce the volume of mate- 
rials* leaving the economy each year, a large amount of waste will Btill 
be generated. In general, the most (?ost-erfec.tive and efficient way to 
^reintroduce such materials into productive use is through segregation 
ii't the point of origih.'Much of the cnergy^invested in ecohomic pro- 
duttion is used to refine and bring structure to vVhat was originally 
a disorganized conglomer^ation of raw.materials. It seldom makes sense V 
to rnix these diverse materials togcthet" in a garbage stream, only to be ■ 
forced to invest still more energy later in their resegregation. 

Many governments have begun to promote recycling through source 
separation. The motivations beh(na these efforts vary. The United 
Kingdom and France, for example, cite their declining domestic self- 
reliance fof mincrals and vicVv recycling as a path toward more mate- 
rial independence. Svyedcn has an aggressive paper r<^cycling program^ 
to reduce tree cutting since forest profducts ^rc a mainstay of the 
Swedish economy. Trje Netherlands hai^ noted the^pot^htial energy 
savings associated with recycling when. compared. with the refining of 
primary ores. And, of course, all are acutely awaf*e of the riteed to re^. 
duce the volume of waste to he djsposett.of.^^ 

Source sei:5a ration is the best way to recover wastepaper for rec^ycling, 
since p^xper js frequently contaminated when mixed with other gar- 



• ' » tag:?;..! t is also* an attractive way to Y^tycle glass, aluminum, ferrous 
metals, some plastics, and organfc wastes for wDnriposting. At least 500 
* source separation programs of various tybes now operate ip^tKe 
2o Ut^ited States. In Portland^ Oregon, a city of 900,000 peoplie, an esti- 
mated equivalept of 80 full- time employees Fecycle 77 tbns or urban 
refuse daily. 3» . ^* . ; . * 

In Svyeden; the separation of waftep^a:per from all other garbage in. 
homes, shops, and offices wijl be r(3?quired by l^w for most of tKe 
country by 198Q. The papy^ ^'m^^ legislation a con-.^ 

dition of *its investmcnts^'^fx^ .njew .wastepapcr prbcessi plants. In' 
. ; tKe United States, ^bofit one^fifth of all paper is recycled, and it ac- 
counts for 90 percent (by. weight) of all materiai^;6pcycled. Recycling 
of high-grade paper is requir(*d by law in all federal office buildings 
with 100 or more crnployees; newspaper recycling is stipulafe^ for' 
federal facilities. hc>iising 500 or more families; and recycling of corru- 
gated contaiaers.iis mandatory in feder»il facilities using ten tons or 
more of such materials per mpnth,^^ ; - 

Glass recycling has received a high priority, in many countries because 
it can help; .solve a serious litter problfei^v; The benefit^ of ^recycling 
glassware not as great as tht^ benefits of reusing gliiss coh'taincrs when- 
ever thai is possible— and generally ii is possible. But recycling glass 
does make great sense when reuse is not an option. West Germany 
uses 3,000 fcollecti(>n containers to recycle 260)000 ions of used glass 
» a.year--equaling about 10 percent of the countiry's annual production 
of glass contdlhers In Switzerland, one large glass manufactui'ing 
fonc'brn has Keen consuming- increasing amounts of recycled glass 
each year: 16,471 tons in' ic)73; 45,800 tons in 1974; 55:696 tons in 
1975; and_ 62,^84 tons in 1^?76. Sixty perc ent of the Swi'ss population 
now recycles glass. ' " , ' 

A classic succe^ti story of glass cecyclitij^ ihvolvV^§ thV Cla Containers 
Corporation facility; in Dayvillc, Xonhcctictrt,: which found that it 
; \ could redu'ce pbrticulate emissions by increasing • its use of recycled 
: - , ,^laLs&/ llJ'n pressure from the Environmental Protection Agency to 
' intrcKluce pollution control measures, the plant began increasing its. 
useyf Cullet. "Tcxlay, a full 50 percent of its raw materials comps trom 
recycled glass— 70,000 tons a year— and the plant manager liopcsMo 



^In the United States/ 
V about one-fifth of 
aU paper is recycled/' 





Increase the percentage. The facility now meets air qtiality standards 
without costly scrubbers, conserves fuel, produces a high quality' 

J lassf; reduces both litter volume and landfill reauirementjs, and pours 
2,5 million into the local economy for recycled glass." 

The benefits of tftetals recycling are even more apparent. In addition 
to the energy savings discussed earlier, the reuse of ferrous Scrap by 
steel mills and foundries leads to an 86 percent reduction in air pollu- 
tion, a 76 percent reduction in water pollution, a 40 percent reductiof\ 
in water use, and a virtual elimination of solid wastes. Similar, benefits 
are Involved in the recycling of other metals." 

Essentially all metal embodied in heavy industrial machinery is ire- 

a'cled. But the record for consumer products is less Impressive, 
erschel Cutler of the Institute of Scrap-iron and Steel points out 
that "there are over 600 million tons dx recoverable ferrous scrap 
strewn around [the United States), and better than 8 million cars, 
buses, and trucks will be added to the backlog this year." In 1977, 
post-consumer recycling contributed 20.1 percent of American copper 
(down from 24.8 percent in 1968), 19.2 percent of iron and steel (up 
from 13.3 percent), and 8.4 percent of aluminum jup from just 4.6 

Eerccnt nine years earlier). About half of all antimony entering ithe 
f.S. economy is recycled— mostly from antimonial lead in batteries." 

Althoi?gh alumiinum is worth several times more per ton in the market- 
place than ferrolisjpetals, iron and steel are much more easily recycled 
as they can.be separated from other materials with magnets. While 
technological advances might make centralized separation of non- 
ferrous metals practical, the rAltl future of recycled alurjf^um wfll 
probably depend upon source separation. * 

Plastics can be divided into two main classes: ther^ttioplastics, such as 
polyethylene, polystyrene, and nylon; and theri^jojpets, such as poly- 
esters, phenolics, and epoxies. Thermoplastics cW be fecycled by re- 
melting, though i^me auality is lost on-^ach new round. Such re- 
melting, requires 4" small fraction of the energy qriginally needed to 
make th^lastic. Plastics must be carefully separated by chemical type 
and^all contaminants must be Removed Before melting. Unlike mixed 
steals; mixed plastic^ do not form Alloys well, if at all. Only industrial 



scrap is currently recycled; post-consumer plastic is, at best, burned 
as fuel. 

28 Thermoset plastics, however, cannot be remelted. When heated, they 
break down into mixed organic gases and liquids. It is possible that 
these organic products could be used as chemical feedstocks, bjjt it is 
also possible tnat the only potential use for waste thermoset plastics 
is as a iFuel, 

The biological portion of the solid-waste stream is perhaps the sim- 
plest to recycle. Consisting of paper, garden debris, and various food- 
related materials, this portion can be easily separated in individual 
households, and then decomposed in a compost pile. Composting is^a 
very simple process, practiced by farmers and home-gardeners for 
centuries, ana it requires little sophisticated technology. The organ- 
isms 'necessary for decomposition are normally already present; the 
materials to be composted only need to be kept in an oxygen-rich en- 
vironment through occasional mixing. Within a period of weeks, a 
compost is produced that is odorless and germ-free, rich in nutrients, 
and useful as a fertilizer and soil conditioner. Composting can be done 
either at the household level for use on private gardens or .at cen- 
tralized facilities for commercial application on croplands, woodlands, 
or strip mined areas. 

Interest in composting has been building rapidly around the world in 
recent years. In Leicester, England, the Wanlip Composting Plant is 
* simultaneously treating domestic garbage and municipal sewage 
sludge^ The resulting compost is sold for use on croplands and on 
household ^gardens. In New York's South Bronx, a composting pro- 
gram begun in 1976 aims to restore the soil on 500 acres of vacant 
urban land. The main input consists of vegetable wastes from a large 
produce market that previously were hauled to a landfill at consider- 
able cost. In the first year of operation, the Bronx Frontier Develop- 
ment Corporation was able to restore 17 acres of vacant land with a 
six-inch layer of ^knpost. Each fertilized acre should be able to supply 
vegetables for 40 wmore people. *5 

The bigaest disadvantage of source Reparation schemes is that tHey 
are small enterprises that can be wildly buffeted by the dramatic price 
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expenditures on waste management 
are second onlv to thosa 
on education." 




^pihanges that often occur in raw materials markets. Macroeconomic 
^' trends affect the prices not just of recycled materials, but also of raw 
materials. Most of the wprld's mineral companies are' either huge/ 
transnational enterprises or government-owned firms; in either case, 
they are iJble to tighten their belts and wait out tight periods. Com- 
munity recycling centers do not, unfortunately, have sucnjlexibility. 

One answer nii^t be government ownership or underwriting of re-" 
cycling efforts. This, however, seems likely to dampen some of the 
entrepreneurial spirit so pervasive in the recycling field, Another 
option would be to provide government price support^, or guaranteed 
government markets, for recycled goods, thus^flattening pul the hills 
and valleys in materials prices. -^Gerfnany, Denmark, and the Nethert 
Jb|lds all nave programs to encourage government procurement of re- 
c^lcd paper in an- effort to ensure at least a minimuni level of de-' 
mand.**^ . . , 

Direct subsidies are another possibility, Americans spend about $4 
billion a year collecting and disposing of municipal solid wastes. In 
many cities, expenditures on waste management are second only to 
those on education. To the extent that this volume can be signific^antly 
reduced by active source separation and recycling programs, a credit 
should be received by the recycler for the money saved. Today, only 
about 6 percent of municipal solid waste is recovered in any form.** 

In the final analysis, the success of source separation programs de- 
pends on the percentage of -the public that participates in them. On 
the one hand, thorough programs with concomitant life-style changes 
could result in a*more dramatic increase in the percentage of goods 
recyclecl. t)n the other hand, strepuous programs might mean Tewer 
people will take the trouble to participate— either to acquire materials 
or to dispose of wastes— except in tirries of national crisis or in the 
event of major price increases. 

Most of the recycling efforts around the world during the fast fevy 
years have attracted widespread participation. In the central Swedish 
town of Orebro, for example, between 80 and 90 percent of house- 
holds were willing to cooperate with fairly aggressive, experimental 
recycling efforts. Writing in New Scientist, Brian Hammbna contends 



that "the reasons are not difficult to define. In an increasingly imper- 
sonal world, in which political and economic events seem as arbitrary 
and unalterable as the weather, many of us feel remote from the real 
levers of power. A< the individual level, recycling systems give us, the 
chance to help, to exercise control over at least one section pf the 
whole coinjplex and bewildering macroeconomy. We become, once 
more, a useful part of the whole set-up— and we lilce tl"*^ 

The role that source separation could play is often underestimated by 
government officials ind others who believe that people simply will 
not change their behdvior. Yet people change their behavior all the 
time, and at least occasionally it is for the better. A study in the United 
Stated suggested that an average family would only need to spend 
about 16 minutes a week to he involved jn a source separation pro- 
gram. It is hard to believe that even rather modest changes in prices, 
coupled with a reasonable effort at public education^ couldn't bring 
about at least that levehof pai;ticipation." 

- X . 

Resource Recovery 



U is unlikely that urban waste streams can be entirely rl^cycled through 
source separation. Some centralized facilities will probably prove nec- 
essary, especially near large metropolitan areas. The U.S. Environ- 
mental Protection Agency, in its annual report to Congress for 197^, 
listed 118 centralized resource recovery facilities in various stages of 
development. About half of these had a capacity of at least 1,000 tons 
of refuse per day.*' 

Resource recovery systems remove valuable materials by taking ad- 
vantage of their physical properties. Copper, for example, has a spe- 
cific gravity of 8.9 and can thus be separated from aluminum (with a 
specific gravity of 2.7) using a liquid medium. It can be separated 
from iron using magnets. Its color allows it to be separated from 
bronzes and brasses using optical techniques. Sophisticated *tech- 
riiques are being developed to separate copper from other norunagnet- 
ic materials such as tin, lead, paper, and polymers. 
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At today's prices, energy production provides two- thirds or more of 
the revenue from centralized resource recoVery systems/ vyhlle mate- 
rials recovery provided less than one-third. The tendency is to estab- 
lish a diversity of smaller resource recovery plants near the sources 
of energy demand/ at shopping centers and factories, for example, 
Hpv/ever, there are very real social and political barriers to the estab-- 
ment of such units in most neighborhoods;'* J , 

One objection stems from the volume pf traffic involved. A 2,000- 
tons-per-day resource recovery facility would receive about 250 large 
truckloads daily. Other objections at the local level deal mainly with 
environmental problems: oialogical pathogens common in garbage, 
heavy metals and complex hydrocarbons emitted during combustion 
or pyrolysiS; water pollution from landfills in which the residues are 
buried, and local fogging due to moisture discharges from cooling 
^lowers. Because the extent of risk is not yet clearly understood, there 
is a^efi^eral reluctance to build resource recovery units that might be 
thAarget of environmental legi'slatiq'n.adopted at some later date." 

Three principal energy-harnessing * technologies are commonly re- 
garded as holding the most potential fot resource recovery systems: 
^waterwall incineration, refuse-derived fuel, and pyrolysis. Waterwall 
^v.„>pcineration to produce steam— widefyspracticed in Europe—is a mature 
technology, altnough new approaches may be ^ able to 'increase the 
efficiency of boilers. "Refuse-derived fuel" is produced by grinding 
(and sometimes chemically treating) the organic components of urban 
waste. The highly combustible product can be mixea with fossil fuels 
in conventional power plants. Pyrolysis— a technology to convert 
wastes into high-quality liquid, gaseous, and solid fuels— is not yet' 
being used successfully on a commercial scale." 

As the process becomes more sophisticated, the possibility of mechani- 
cal proolems increases. Pyrolysis plants, in particular, have been 
plagued with malfunctions. Moreover, althoug^h more sophisticated 
processes prqduce a higher quality energy, they do so at a substantial 
net energy penalty. It may well be that the optimal energy- harnessing 
option for urban wastes is direct com|?ustion, perhaps using fluidizea 
beds for greater efficiencies. Virtually all resource recovery facilities 
recover ferrous metals, and some employ equipment (with varying 



hi ^eP^^^fe other metals arid gla^s from the com- 

HUrll-.l l'^!'^^^' J^! « most liable when conventional 

disposal costs are high and markets for hcyAd materials are nearby. 

Lr[^r,'.f^ approach to energy production frbm w^ste, which showr 
Coon i,'''°™'\-^°'^ "''''°P°''^"" areas with populations over 
500 000 IS anaerobic digestion of a mixture of rnuKicipal organic 
' .bpT/"f ^"-^f" "^^-ge- The by-products are methane.'^whieh^ can 
be fed into existing natural gas pipelines, and a rich resicLe that can 
Si'atTn U P""^'P-^Problem is avoiding cXamfnants 

that could poison the digestion process or that^Vould pose hazards 
when applied, in fertilizer. Also, because this is a relatively slow pro- 
cess, the facility would reauire more land area than would be needed 
by other centralized technologies." •ceucu 

Leningrad, with a population of 4.3 million, expects to process all its 
Tift^^'^'-F^ "^T^f f^^°"8^ f huKe resource reccWery plant by 

onn P'°P°^^^ plant would be si? rimes larger than t>,e existing 
f»?;T:D"''?^''"y^^'.^?'^"^- The, Soviet facility benefits from the 
tact that Russian municipal wastes contain almost no plastic and very 
little packaging. Most paper is separated at the point of origin for re- 
cycling; glass containers are refillable, require large deposits and have 
a high rate of return." « \^ , nave 

In Toyohashi, Japan, a city with a population of 300,000, an "Urban 
wftf, En>^ronmentarCombination Systen,'' is bfing constructed. 
u .aL^^^^^^'^ system .should be completed 

by 1980. Heat recovered from an incineration pUnt and compost frdm 
an associated composting plant will both be u-^^ed in a huge green- 
house constructed on the site.»« Bc ijieen 

In several countries, a strong rivalry has developed between the ad- 
vocates of sourcfl. separation and the chaBnpibns - of centralized re- 

frj^u'^-^J"'!'yu^^''u'^'- J^^ '^"^^ ^^"d f° believe thecformer have 
laudable ideals, but that their proposals are little more than naive dis- 
tractions from the real solutions. Source separation is fine as far as it 
goes, according >to the resource recovery school of thought, but it 
doesn t go very f^r because people just won't ch^e their life-styles. 



Proponents of source separation, on the other hand, feel tjiat cen- 
tralized facilities are capital-intensive bfehemoths that produce little 
net energy and recover a comparatively sn^all fraction or the material 
value of trash. Resource recovery centers are viewed by this group as 
macginally better than landfills as a destination for whatever is not 
suc,cessfu I ly recovered through source separation. But there is a strong^ 
fear that economies of ale will dictate thjit huge units be built at jiign* 
expense to handle the entire current volume of urban waste. After- 
j^ard, cities would have a strong vestea interest in maintaining the 
same level of waste in order to maximize the return on their sunK in- 
vestments. This could lead to official discouragement— or even for- 
bidding—of community recycling schemes.^^ . 

This .scenario is entirely plausible. Successful source reduction efforts, 
coupied with successful programs to segregate the remaining wastes at 
the point of origin. Could financially cripple a centralized recovery 
facility. A more sensible approach would be to first see how jnuch of 
the problem could be sblvea by tomprehensive programs for reducing 
waste, recycling, and composting. Approoriately-scaled resource re- 
covery facilitfts could then be constructea to process the remaining 
wastes. ' / 

^ ■ \ . 

Making the Most of What We've Got 



The intellectual case for materials conservation i^ powerful, and the 
needed technology is not terribly sophisticated. The missing ingre- 
dients are a broad social commitment to this goal and the implementa- 
tion of specific policies to achieve it A large number of specific poli- 
cies have been suggested, and a few have been enacted in varic^us 
places. 

An intelligent starting point would be the elimination of the discrimi- 
natory taxes and regulations that currently place secondary materials 
in an uncompetitive position. Depletion allowances, for exampldj^ 
constitute an outright subsidy designed to encourage the consump- 
tion of virgin materials. In the United States, railroad rates are lower 
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for ores than for secondary materials. Moreover, waste Idisposi costs 
are not _ generally felt directly by the cofispmer, and tKty Treqii^tly 
r« c 2" «"y'^«'»mental costs. The policies thiiTwere eit^ted 

,Jn a period of bountiful resources dieserve a comprehejsive reexami- 
nation today." ' ' T 



Perhaps the most highly publicized scheme to com/at solid waste 
deals with one of the most visiBle waste products-tl* beverage con- 
u u ^ analysts favor deposits on bottles and c/ns, while others 
would bin nonrefillable containers altogether. Swedeft and Norway 
have .taxation and deposit programs for beverage containers. Denmark 
prohibits the use of nonreturnable soft drink containers and iS-sludv- 
ing the concept of requiring a standard-sized bottle for-many different 
beverages. Such arf easily reused bottle is already marketed in Den- 
mark tor wines." ; 

An analysis by the U.S. Environmental Protection Agency of proposed 
national returnable-bottle legislation Pon'nd that a successful program 
To^^i j"" roadside beverage-container litter by 60 to 70 percent bv 
1980, and would save 500,000 tons of aluminum, 1.5 million tons of 
steel, and 5.2 mrllion tons of glass each yeaf./It would also save the 
energy-equivalent of 45.6 miUTon barrels of oil annually and require 
no more capital investment th^ a. one-way container system would. 
Lul /^f^Sk^l"^""]^ produce 165,000 jobs while eliminating 80;000 
jobs (of Vyhich normal attrition would account for 40,000, in any case) 
^V,"c L-m "^^ of returnable beverage containers would save- consumers 
yea^7 1985 *o"""^ "^'"^ *° savings of $3.2 billion a 

Although returnable beverage containers would be of enormous bene- 
tit to society, practical politics is always biased toward the status quo. 
For exanrtple, the 40,000 pebple who would lose, jobs if all bottles had 
to be returnable .have a clear idea who they are; the 165,000 people 
who would acquire jobs are not easily identified, and have no union 
looking out tor their prospective interests. Moreover, a returnable 
beverage container law would cut into the profits and growth poten- 
tial oi manufacturers of bottles and bans alike, and the two have 
Gorged a potent political alliance to defeat such legislation. The prob-^ 
lem, in this case, lies not so much in determining what policies would 



''Returnable beverage containm 
f. would save consumers 

$2.5 billion annually by 1980, 
rifling to savings of $3.2 billion 
by 1985." 



promote the public Interest as in assembling the political muscle to 
overcome the opposition of those .to whom change would not neces- 
sarily represent an improvement/ 

/In addition to mandatory deposits for beverage containers, such de- 
posits have been proposed for automobiles, tires, electrical machinery, 
and consumer durables. In Sweden, everyone who has purchased a.' 
car since 1976 has had to'pay a $54 deposit; when the car is scrapped, 
;!lhe owner receives a refund of $65. Tne average life expectancy of a 
/ Swedish car is about 9 years. When the car is returned to a certified 
scrap yard, the owner receives a certificate, which must in turn be 
/ shown to the relevant ministry in oi;der to "der^^ister" the automo- , 
bile. In lieu of suqh deregistration, the owner is presumed to maintain 
ownership of the vehicle, and ijiust continue paying annual registra- 
. tib^j taxes, on it in perpetuity.*^ 

Another common proposal is that all' products be charged a flat tax 
based upon the amount of virgin material they contain. The tax could 
j^l^Sed on the cost to society of toxic emissions and other pollu- 
^^K land loss, resource depletioii, and the disposal 6f^ the-m aterial 
^^^Bhse. A study by^the Research Triangle Institute concluded that 
tnWs to 20 percent of U.S* paper currently recycled could be dou- 
bled to '36 percent— roughly the percentage recycled during World 
War II— by 1985 if a $25-per-ton product charge were introduced^ 
gradually. The net social benefits were calculated at $1 billion for a* 
ten-year period. Similar charges could be levied for all the principal 
sources or waste," 

A number of British anal^jfts have suggested the use of an amortization 
tax that would be proportionate to the^restimated life of a product— 
from 100 percent for prodificts expected to last a year or less down to 
nothing for those designed to last 100 years or more. The obvious 
effect of this scheme would be to penalize short-lived products in the 
marketplace. TheTree of severance taxes has been proposed by econo- 
mist Talbot Page. This is simply a levy on virgin material as it is ex- 
tracted from the ground, based either upon its monetary value or on 
the quantity of tne material extracted. The severance tax would be 
almost a mirror image of depletion allowances, and its purpose would 
be to slow down the rate of extraction.*^ 



A most important additional role for government at all levels WI)Hld 
be to facuitate and stabilize markets for secondary materials, pefhaps 
by providing price supports or eVen by becoming the purchasef of 
last resort. At> in<?rease in the product charges on virgin ore might also. 
. be ;tecessary when the price, drops due to ordinary market, fluctua- 
tionsv Building a stable market for secondary materials WiU doubtless 
be a long process/ requiring the generation of enthusiasm for recycled 
materials in the manufacturing sector and the creation of an infra- 
structure to handle the processing. - ' , ^ 

While some combination of taxes, incentives, and subsidies should 
provide a context within. .vY,hich a materials-conserying ethic would 
evolve, a mqjor program of public ed]Uc§tion will doubtless also be 
necessary. This is particularly true for life-style chajiges lo reduce the 
volume of materials used/^nd fbr firbgrams^ to segregatif hqusehold 
wastes at the point of origin. Gooperdtiort in sucjk programs cannot 
simply be legislated; broad public support is required.** 

^ ' . , , ^ . ► . • ' ■ / 

•If source separation is to be truly successful in individual homes, 
modest design rearrangements might be necessary. Segregated places . 
for cans, bottles, paper, and food scraps could handily take the place 
of the siyjgle garbage can. There will, of course, be some costs con- 
nected with these charigqs/but they are trifling when compared, for 
example, with the cost of indoor lavoratories and the connecting 
sewage systems— an expensive "waste-disposal technology" that was 
unheard of a century ago but that is now almost universal in the in- 
dustrial world. Twenty years from now, it may be as unusual to build 
a' house without segregated waste receptacles as it would be now to 
build a house without indoor plumbing. Garbage trucks would be 
similarly partitioned to keep collected materials apart.'^^ 

For^commerCial buildings and multifamity dwellings, the government 
may need to assist the establishment of recycling programs. Today, 
for example, most local governments have policies requiring a certain 
amount of parking space, per building. Considering' the extraordinary 
•advantages of source separation," it would be sensible for these same 
governments to set mandatpty space requirements for on-site 'process- 
ing and Storage of recyclable materials. 



Much of the contemporary worl^ was buijt in ai^ era when oil cost $2 
per barret and most resources were plentift|l Wevare now apprq^chins 
an era an which oil will cost $20 per barrel* and* several resour(^ wjtl 
begin to grow, scarce. Xhis will necessarily prompt some chWgeK in 
the way we do thlngs^and perhaps some changes in the cfroicjp'bf 
thift^s we do. ' * ir, 

' [jn'^^ilhe changes will involve no more than the substitu- 

tion' dfiifiteU ige nee fpr materials. New approaches to old problems 
Will yield solutions that require materials to perform a different func- 
. tlon. For example, adhesives can be substituted for nuts and bolts in 
joining two materials together. Telecommunications can be substi- 
tuted Tor mail ai a means of transmitting information. A sophisticated 
^minl-caltulator can perform functions that previously required a 
good-sized computer. In each of thes^ instances, the substitution re- 
sults in a significant decrease in both Ihe materials and the amount of 
energy required to perform a specific function. 

To-th? extent that life-style changes art required, the public seems 
willing tir embrace them. Louis Harris concluded from a 1975 poll 
that ' when the alternative is posed between chahging\)ur life-style 
to have less consumption of physical goods, on the one hand, and 
enduring the risks ot Qpntinuing inflation and ur^employment on the 
other, hy f77 percent to 8 percent, the American people opt for^a 
change in life-style." Particularly impressive was tne Willingness to 
abandon frequent changes for style reasons a[^e. Ninety-two percent 
were willing to eliminate annual model changes in automobile?, and 
.90 percent, yearly fashion changes in 9I0 thing. A 1977 poll disclosed 
that 76 percent of Americans favprecl "learning to* get our pleaSUre ou& 
of non-material- experiienices" rather th^h "Satisfying our needs for 
more goods and servfct^." Eighty-two percent preferred to "improve 
tho^e moiles of travel we^already have" instead of "developing ways to 
giet more places faster."**' . , 

The public may be ahead of its leaders in recognizing that we are 
entering a neW era in which thrift will be ^ prime asset, and ^hat.this 
development holds more^protnises.^^h^r) threats. Materialism has failed 
to provide something for which people hunger, and increasir^ly , they 
. are turning elsewhere. Volut>^tary simplicity— a central message of 



every major religious figure from Jesus to Lad-Tzu, from Boddha to 
Muhammed-^is Hnally acquiring a modern following. And in that fact 
may lie one of the prmcipal hopes of those who wish to build a sus- 
tainable W(or Id. *7 / ^ ^, 

■ . 

What would ,4 sustainable world look like? Material well-being woUld 
almost certainly be indexed by the quality of the existing inventory of. 

i;6ods, rather than by the rate of physical turnover. Planned obso- 
escence would be eliminated. Excessive consumption and waste would 
become causes ^r ert^barrassment, rather than symbols of prestige. 

Th^, environment would be enhijnced, and gloBc^l pippA^UHon 
be balanced with the plane,t's carrying capacity. All people Would ha W 
a means^bf livelihood that 'fielded ftir wagiff^-^nd did not deprive tliem 
of health or pridl^. The. inflationary impact of raw materials prices 
would be 4iniinisn^, as resource scarcity was mitigated by the wide- 
spread ufte pf. durable products that co^Id b^ recycled.. Industries and 
energy sources would be decentfalized, and hence less vulnerable to 
acts of man and nature. Both ends of the material dBfcin— the mine and 
the dump— vyould fade in importance comp^ed with the improvement 
of the human cohditibn from existing material stocks. Society would, 
at long last, apply its collective intellect and energy to the centrat task 
of an intelligent materials policy: making the most of what we already 
have, . ' 
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